Objectives: Zinc plays an important role in the homeostasis of the human body. In the oral cavity, its absence causes hypogeusia. Zinc supplementation acts improving taste acuity and oral lesions healing. However, some aspects regarding to salivary zinc contents and syalometric variables, as well as, its variations among age-related groups, are lacking. The objective of this study was to measure the zinc concentration in the saliva in different age range. Methods: One hundred and twenty healthy individuals have donated saliva and they were divided in to four groups according to age: Group I = 18-29 years old; Group II = 30-39 years old; Group III: 40-49 years old and Group IV: 50-59 years old. Results: The research revealed that there are differences between salivary parameters, salivary flow rate, buffering capacity and pH, when they are correlated with the zinc present in saliva, but the salivary zinc concentration is not age dependent. Conclusion: pH and BA had no influence in the salivary zinc concentration, but the salivary flow can interfere in the zinc concentration.
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IntROduCtIOn
Saliva presents various innate and acquired defense factors capable of inhibiting bacterial invasion, growth and metabolism by different mechanisms [1, 3, 5] such as bacterial adherence and streptococci acid production [4] . So far, researches have investigated which salivary components can modulate the functions of saliva especially salivary proteins and minerals [1, 6] .
Zinc is a stable mineral element that is involved in numerous cell metabolism reactions [7] and that is responsible for general and oral health [8] . Zinc deficiency can cause hyperkeratosis of the oral mucosa tissue [9] , can increase susceptibility to dental caries when it occurs during the antenatal and postnatal periods of tooth development [10, 11] and is one of the major systemic causes of burning mouth syndrome [12] .
Other studies have shown that zinc have antimicrobial action against oral anaerobic bacteria, especially Fusobacterium nucleatum and Prevotella intermedia inhibiting the catabolism of glutamate, glutamyl glutamate, glucose and fructose in these cells [13, 14] . Once Fusobacterium nucleatum participates in bacterial plaque formation and zinc intervenes as a bacteriostatic agent, may be that this mineral is an important element in bacterial plaque and the reduction of gingivitis [14] .
Several authors have reported that the main effect of oral zinc deficiency is a decrease in taste acuity or hypogeusia [15] [16] [17] [18] . That taste dysfunction is a common complaint at the Tokyo Otorhinolaryngology Department [19] . According to these authors, some taste disorders are caused by chronic middle ear infections, acoustic tumors and facial paralysis, having some influence on the general health condition of the patient. Although taste disorders of unknown etiology are very common, they are always associated with decreased serum zinc concentrations [15, 18] .
Thus, the goal of this study was to measure the zinc concentration in the saliva of individuals in different age groups and to assess possible interferences in salivary flow rate, buffer action and pH.
MethOds
The sample was composed of 120 unrelated, both sexes, healthy individuals treated at the clinic of Dentistry of the Pontifical Catholic University of Paraná (PUCPR), Curitiba-PR, Brazil. The individuals were selected for study only if the parent/caregiver returned the informed consent form, according to norms of the Ethical Committee on Research of the Center for Health and Biological Sciences of Pontifical Catholic University of Paraná (PUCPR), according to Resolution 196/96 of the Health National Council, register n. 6199.
All examinations were conducted by one examiner. To assess the consistency of the examiner, duplicate examinations were conducted on 10% of the sample. The study sample was divided into four groups according to age: Group I = 18-29 years old; Group II = 30-39 years old; Group III: 40-49 years old and Group IV: 50-59 years old. If the subjects presented any oral lesion were referred for specialized care. Individuals were not included if smokers, using orthodontic appliances, taking chronic antiinflammatory and antibiotics in the last three months, or with history of any disease known to compromise immune function.
After the clinical examination, each subject was asked to collect a sample of the produced saliva according to the method established by Navazesh et al., 1992 [20] . Saliva samples were analyzed for flow rate, pH, buffer action, and zinc concentration.
Salivary flow was evaluated by means of stimulated saliva collection. The method used was that of mechanical masticatory stimulation, using a piece of sterile rubber tourniquet of a standardized size (1.5 cm), masticated continuously by the patient for 6 min. Saliva produced during the first minute of stimulation was discarded. During the following 5 min, the patient expelled saliva into a sterilized universal collecting recipient that had been previously weighed using Marte -analytical scales, model AL 500 (São Paulo, SP, Brazil). The saliva was collected between 8 am and 10 am. Stimulated salivary flow rate (SFR) was evaluated by means of the gravimetric method and expressed in millilitre per minute [21] .
Immediately following saliva collection, the salivary pH was assessed using a QUIMIS -Q400BD pocket pH meter (direct electrode) (QUIMIS, Diadema, SP, Brazil) and it was considerated normal if the value was among 6.5 and 7.5 [22] . BA was determined by titration with 3 ml of HCl 5 mmol added to 1 ml of saliva. After 10 min, the final pH value was measured using a pocket pH meter (direct electrode) and the BA was considered good if the final value was among 5-7; moderate if final value was among 4-5 and unsatisfactory if o valor was was less than 4.0 [20] .
Zinc was analyzed by using inductively cople plasma optical emission spectrometry (ICP-OES) from Orion Research Inc. brand, Beverly, MA, USA.
To compare the mean values of variables among different age groups (n=30), for each age group it was used Anova One-Way with level of significance of 5%. Table 1 shows the mean value of salivary flow rate (SFR), pH, buffer action (BA) and zinc for saliva of male and female individuals. SFR of individuals ranged from 1.52 to 1.94 mL/min and did not show statistical differences in the mean value according to the age ranges. Small differences were observed in the groups for salivary pH but nothing that can be associated with age or gender because the values are very close.
Results
Buffer action is the ability of saliva has to maintain oral pH stable, inside normal limits, neutralizing acids or bases present in the oral cavity contributing to oral health. Despite group III have greater BA (5.61) all groups showed similar Analysis of zinc concentration in the saliva | Selow et al. values. The latter variable analyzed was zinc and this also presented similar values between different groups: 4.04 mg/L, 3.87 mg/L, 4.02 mg/L and 3.87 mg/L, respectively. All the analyzed variables showed no significant statistical differences in the mean values according to the age ranges (Table 2) .
Since all variables showed similar values , we investigated the correlation between them. From this perspective, there is a positive correlation (p<0.05) between the pH and the BA, however this correlation is considered regular. It was also noticed a negative correlation (p<0.05) between the zinc and the salivary flow, though this correlation was weak (Table 3) .
dIsCussIOn
The value of saliva as a diagnostic tool for oral and systemic diseases has been studied and significant advances have been made in recent years. Saliva is produced by the salivary glands. The daily secretion of saliva varies between 800 mL and 1.200 mL, and it contains mostly water (98%), electrolytes, mucus, antibacterial compounds and several enzymes [24] . Saliva is not a serum replica, but instead it has chemical and biochemical properties of its own that are potentially applicable to clinical diagnosis. For this reason, was recommended and emphasized some of its advantages, such as immediate and noninvasive access to samples, convenient storage and transport and the stability of its components for analytical purposes [25] .
In clinical practice, saliva samples are used to replace blood samples or as an additional tool for the diagnosis of certain diseases, including oral tumors, hepatitis and AIDS. Saliva is also used to monitor the concentration of drugs in the body and to verify the toxicity of metals. In this work, the saliva was used to verify, quantitatively, the zinc concentration by age ranges and whether the obtained salivary zinc values had been differences among such age ranges. Also were evaluated salivary flow rate, pH and buffering action.
Whole stimulated saliva was collected and the flow rate increased with increasing age although it decreased after 50 years. Although it is expected that the function of the salivary glands decreases with advancing age, similar studies have shown that the glands functions are preserved in healthy adult subjects, regardless of age [26, 27] .
With respect to salivary pH, it is known that it undergoes changes after consumption of beverages and solid food and also depends on SFR and BA of saliva. It is important because it reveals the presence of acids in the mouth. Any change in pH, down or up, may be responsible for the initiation and progression of oral diseases. There is a consensus that oral pH, on average, ranges between 6.8 and 7.2 in different populations worldwide, with minor changes up or down, regardless of age [28] . In this study, salivary pH ranged between 7.4 and 7.6 and was slightly above average. Additionally, the overall BA in all individuals is normal but a regular association degree was observed between this variable and the salivary pH, i.e., the BA and the salivary pH are directly related.
Although these variables did not show changes between groups, it was found a possible correlation among the variables SFR, BA, salivary pH and salivary zinc concentration (Table 3) . Zinc levels can be measured in plasma, serum, urine or saliva although the latter is better [29, 30] . However Watanabe et al. reported that salivary zinc levels are significantly lower than serum zinc levels [31] . According to these authors, serum zinc may sustain homeostatic concentration patterns, whereas salivary zinc is thought to be highly influenced by diet. Consequently, serum zinc measurements may have limited diagnostic value [29, 31] . The obtained mean values of zinc in groups I, II, III, and IV were respectively 4.04 mg/L, 3.87 mg/L, 4.02 mg/L and 3.87 mg/L. Surprisingly, the salivary zinc concentration was inversely proportional to the salivary flow rate, but it is observed that there is no statistically significant difference among the zinc concentrations by age ranges.
Zinc is commonly found in association with proteins in biological fluids, including saliva. Henkin et al. (1975) hypothesized that some salivary proteins contains zinc and are related to the taste perception [30] . These salivary metalloproteins were named gustins and have unique chemical and molecular properties. Gustin represent approximately 3% of the total proteins of human parotid saliva [30, 32] and 75% to 80% of the zinc content of parotid saliva is exclusively associated with gustin [33] . In cases of zinc deficiency or low gustin levels in human saliva samples there will be direct damage to the taste buds and consequent hypogeusia. Appropriate doses of zinc must be prescribed to treat this condition [18] .
Another important function assigned to gustin is to stabilize the oral pH once the primary structure of gustin is identical to the structure of carbonic anhydrase (CA), enzyme that catalyzes the reaction between hydrogen and bicarbonate regulating saliva pH [15, 32, 34] . Thus, hypogeusia may be associated with the decrease of the CA activity and imbalance of oral pH [17] .
COnClusIOn
The salivary zinc concentration is not age dependent. The buffer action and the salivary pH are directly associated. When the salivary flow is analyzed, it is observed that it can interfere in the zinc concentration, that is, the little the flow, the greater the zinc concentration.
